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(54) Direct-injection engine with turbocharger and method of controlling the same 



(57) The invention relates to a direction-injection en- 
gine (1 ) incorporating a turbocharger (31 , 32), fuel com- 
bustion is improved to enhance fuel economy within the 
high-load range of engine torque, and furthermore to 
control occurrence of smoke in the range of great load 
within the lean-bum range. 



Scavenging acceleration control is conducted to 
scavenge the exhaust gases in the combustion cham- 
ber (22) by using at least one of the intake pipe pressure, 
the combustion chamber pressure, and the exhaust 
pipe pressure, and the fuel is injected twice during the 
intake stroke and the compression stroke. 




1 



EP 1 243 779 A2 



2 



Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a method of cx)ntrol- 
ling a direct-injection engine incorporating a turbocharg- 
er and, more particularly, to a control method for improv- 
ing fuel combustion during high-load operation to dean 
exhaust gases, thereby improving fuel economy. 

Description of Related Art 

[0002] A turbocharger has been used for increasing 
an engine torque. Generally, the turbocharger turns a 
turbine by the use of a high-temperature exhaust gas 
energy, and turns a compressor which is coupled with 
the turbine, to thereby compress the air to be taken into 
the engine. The use of the turbocharger allows the en- 
gine to take in a larger quantity of air than the quantity 
of exhaust gases for the purpose of increasing the en- 
gine torque. 

[0003] On the other hand, in a lean-bum engine typi- 
fied by the direct-injection engine, a lean air-fuel mixture 
Is burned within the range of low-engine torque opera- 
tion in order to enhance fuel economy. However, since 
the quantity of air which is determined by the desired 
quantity of fuel and the air-fuel ratio is limited by the 
quantity of engine exhaust gases, the operation range 
in which the engine is able to operate with a lean mixture 
is restricted to the range of low engine torque. For ex- 
ample, disclosed in the Japanese Patent Laid-Open No. 
Hei 11-36867 is a direct-injection engine provided with 
an intake air quantity increasing means, by which the 
quantity of intake air is increased when the required 
quantity of fuel determined by the state of engine oper- 
ation exceeds a predetermined quantity of fuel. 
[0004] A recent direct-injection engine is operated at 
a so-called lean air-fuel ratio for the purpose of enhanc- 
ing fuel economy; that is, the intemal-combustion en- 
gine is operated with an excessive-air mixture which is 
leaner than the mixture of theoretical air-fuel ratio. Fur- 
thermore, in the Japanese patent stated above, the su- 
percharger is employed to supply an increased amount 
of air in an attempt to widen the operation range at the 
lean air-fuel ratio. The direct-injection engine equipped 
with such a supercharger operates, in the range of a 
great engine torque, at a rich air-fuel ratio at which the 
air-fuel ratio is more on the excess fuel side than the 
theoretical air-fuel ratio. This operation is performed on 
the basis of the following phenomenon. Within a high- 
load range where the engine is developing a great 
torque, the combustion temperature within the engine 
combustion chamber rises, likely to produce knocking 
undesirable to the engine. Usually, to prevent this, a 
means to lower the combustion temperature by retard- 
ing the ignition timing is used. This method, however. 



allows the exhaust gas temperature to rise. To tower the 
exhaust gas temperature, much of fuel is injected to cool 
the exhaust gases with the evaporative latent heat of 
fuel. Within a high-load range, therefore, the fuel is con- 
5 sumed more than required, resulting in a lowered fuel 
economy. In the Japanese Patent Laid-Open No. 
2000-27427 is described the supercharging, which is ef- 
fected by the use of a turbocharger to intensify in-cylin- 
der air motion, fully mixing the intake air with much of 
fuel injected, and accordingly producing a good homog- 
enous combustion. The above-described prior inven- 
tion, however, is still not enough for improving fuel econ- 
omy within a range of high load. 
[0005] Therefore, in a low-load operation range of en- 
gine torque, lean-bum operation is able to enhance fuel 
economy. In a high-load operation range, however, 
there arises a lowering of fuel economy, on the whole, 
fuel economy is not improved under actual driving con- 
dition. 

[0006] Furthermore, when the lean-bum air-fuel ratio 
has increased in the direct-injection engine incorporat- 
ing the supercharger, there takes place such a problem 
that, within a comparatively great-load range of the lean- 
bum range, the fuel concentrates excessively in one 
part within the combustion chamber, causing smoke to 
occur. 

SUMMARY OF THE INVENTION 

[0007] In view of the above-described circumstances, 
it is a first object of this invention to improve combustion 
within the high-load range of engine torque to enhance 
fuel economy in the direct-injection engine incorporating 
the turbocharger. Furthermore it is a second object of 
this invention to restrain occurrence of smoke within a 
great load range in the lean-burn range in the aforesaid 
engine. 

[0008] The direct-injection engine is comprised of a 
fuel injector capable of injecting the fuel directly into the 
engine combustion chamber, intake and exhaust valves 
assembled in the engine combustion chamber, a varia- 
ble valve mechanism which can change the phases of 
the intake and exhaust valves, a turbine mounted in an 
exhaust passage of the engine and rotated with exhaust 
gases, a compressor mounted in an intake passage of 
the engine and rotated with a rotational force of the tur- 
bine, a bypass passage for bypassing the turbine, and/ 
or a control valve for regulating the flow rate of exhaust 
gases flowing into the bypass passage. In this engine, 
the above-described objects are accomplished by con- 
trolling so as to scavenge exhaust gases from inside the 
combustion chamber by the use of at least one of the 
intake pipe pressure, combustion chamber pressure, 
and exhaust pipe pressure, and by injecting the fuel 
twice during intake stroke to compression stroke. 
[0009] In other inventions, the objects are accom- 
plished by conducting a control to decrease the function 
smoke number (FNS) to 0.5 or lower until the Indicated 
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Mean Effective Pressure (an explosion pressure P of 
mega-pascal generated in the combustion chamber di- 
vided by the cubic meters of volume V of the combustion 
chamber) becomes approximately 9.5 bars when the 
engine torque Is increased at a constant engine speed. 
[0010] Furthermore, the objects are also accom- 
plished by controlling the specific fuel consumption at a 
high load at which the Indicated Mean Effective Pres- 
sure will be 12 bars, to ±5% as compared with the spe- 
cific fuel consumption at a medium load at which the In- 
dicated Mean Effective Pressure will be 8 bars. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Fig. 1 is a system drawing of a direct-injection en- 
gine using this invention; 

Fig. 2 is a view explaining the principle of knocking 
occurrence in this invention; 
Fig. 3 is a view explaining a method in this invention 
for scavenging residual gases; 
Fig. 4 Is a view showing pressure variations in in- 
take and exhaust pipes; 

Fig. 5 is a view showing one example of a bypass 
control valve; 

Fig. 6 is a view showing pressure variations in the 
intake and exhaust pipes when the bypass control 
valve is used; 

Fig. 7 is a view showing one example of a phase- 
type variable valve mechanism; 
Fig. 8 is a view showing pressure variations in the 
intake and exhaust pipes when the intake valve tim- 
ing is advanced; 

Fig. 9 is a schematic view showing the interior of 
the combustion chamber when the intake valve tim- 
ing is advanced; 

Fig. 10 is a view showing pressure changes in the 
intake and exhaust pipes when the exhaust valve 
timing is retarded; 

Fig. 11 is a schematic view showing the Interior of 
the combustion chamber when the exhaust valve is 
retarded; 

Fig. 12 is a system view of the direct-injection en- 
gine equipped with an exterior EGR system; 
Fig. 13 is a view showing one example of the EGR 
control valve; 

Fig. 14 is a view explaining the configuration of an 
air-assist injector; 

Fig. 15 Is a view explaining injection control by 
means of the air-assist injector; 
Fig. 16 Is a schematic view showing the interior of 
the combustion chamber when the air-assist injec- 
tor is used; 

Fig. 17 is a view showing the scope of application 
of this invention; 

Fig. 18 is a view explaining the formation of air-fuel 
mixture injected twice; 



Fig. 19 is a view explaining the effect of twice injec- 
tion at the time of homogeneous combustion; 
Fig. 20 is a view explaining the fonmation of air-fuel 
mixture by proximity twice injection; 

5 Fig. 21 is a view explaining the formation of air-fuel 
mixture by proximity double injection; 
Fig. 22 is a view explaining the effect of proximity 
twice injection at the time of stratified combustion; 
Fig. 23 is a view explaining a form of mists for real- 

10 izing spray lead; 

Fig. 24 Is a view explaining the spray lead; 
Fig. 25 is a view explaining the spray lead; 
Fig. 26 is a view explaining the spray lead; 
Fig. 27 is a view explaining the effect of the spray 

15 lead at the time of stratified combustion; 

Fig. 28 Is a view explaining the effect of this inven- 
tion; 

Fig. 29 is a block diagram of the direct-injection en- 
gine system provided with a temperature sensor at 
20 the upstream of a catalyser; and 

Fig. 30 is a view explaining a catalyser temperature 
control. 

DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

[001 2] Preferred embodiments embodying this inven- 
tion to an automotive gasoline engine system will be ex- 
plained with reference to the accompanying drawings. 

30 [0013] A gasoline engine system 1 shown in Fig. 1 is 
provided with an intake system for drawing the air into 
the engine, an exhaust system for discharging exhaust 
gases from the engine, and a turbocharger mounted in 
the piping of the intake and exhaust systems. 

35 [0014] The intake system is provided with an air flow 
rate sensor 2 for measuring the quantity of air introduced 
from an unillustrated air cleaner, a compressor 31 which 
compresses the air thus introduced and delivers the 
compressed air, an intake air passage 4 connecting the 

^0 compressor 31 and a throttle valve 3, an intake manifold 
9 for distributing into each cylinder the air that has 
passed through the throttle valve 3, and a collector 5 for 
controlling intake pulsation between the intake manifold 
9 and the throttle valve 3. The intake air compressed at 

45 the compressor 31 rises in temperature. Normally, 
therefore, an intercooler 33 is inserted on the way of the 
intake air passage 4 to thereby lower the intake air tem- 
perature. 

[001 5] The engine is of a direct-injection type having 
50 a fuel injector 19 for injecting fuel 15 directly into the 
combustion chamber 22, a piston 23, an intake valve 
13, an exhaust valve 14. a spark plug 12. a variable 
mechanism 7 of the intake valve, a variable mechanism 
8 of the exhaust valve, a water temperature sensor 21 , 
55 a knocking sensor 16, a crank mechanism 24, and crank 
angle sensors 25 and 26. Furthermore, in a connection 
with the intake system are mounted a control valve 6 for 
producing a tumble air flow in the combustion chamber 
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22, and an airflow regulating plate 10. 
[0016] In the exhaust system are mounted a turbine 
32 connected to an exhaust passage 18 from the en- 
gine, the catalyser 11 located relatively close to the en- 
gine downstream thereof, and a catalyser 17 located s 
near the underside of the vehicle floor. Furthermore, 
mounted on the way of the exhaust passage 1 8 is a con- 
trol valve 34 which can change a cross section area of 
the flow path in a bypass passage 119 bypassing from 
the upstream side to the downstream side of the turbine 
32. 

[0017] The rough outline of engine operation will be 
described below. As the piston 23 connected to the en- 
gine crank mechanism 24 moves up and down, the com- 
bustion chamber 22 varies in volume. With the up-and- is 
down movement of the piston 23, the air is drawn into 
the engine, then forcing out bumed gases. The quantity 
of air to be drawn into the engine is controlled by the 
throttle valve 3 disposed in the intake passage 4. It 
should be noticed that the throttle valve 3 may be an 20 
electronically controlled throttle valve which is driven by 
a motor in accordance with an electric signal based on 
the depth of depression of the accelerator pedal. The 
quantity of air to be drawn into the engine is metered by 
the air flow rate sensor 2 located upstream of the throttle 25 
valve. The air thus drawn in is filled in the collector 5. 
The collector 5 is effective to restrain pressure fluctua- 
tions in the intake manifold 9. An EGR passage de- 
scribed later is in some cases connected to the collector 
5. The intake air is taken in while producing an air flow 30 
in the combustion chamber 22, through the operation of 
the tumble air flow control valve 6. 
[001 8] The fuel is supplied to the fuel injector 1 9 after 
increasing a fuel pressure to a preset value by an unil- 
lustrated fuel pump. The quantity of fuel injected through 35 
the fuel injector 1 9 is measured by the air flow rate sen- 
sor 2, and on the basis of the measured value the width 
of injection pulse is computed to achieve a preset air- 
fuel ratio in the unillustrated control unit. The fuel injector 
1 9 injects the fuel in accordance with an injection signal 
from the control unit. 

[001 9] The engine speed can be measured by the use 
of, for example, the output signals of the crank angle 
sensor 25 and a magnetic pickup 26 mounted on the 
crankshaft 24. 45 
[0020] The exhaust gases discharged out of the com- 
bustion chamber 22 are led into the turbine 32 located 
on the way of the exhaust passage 18, turning the high- 
temperature energy into the rotation of the turbine and 
then being discharged. 50 
The compressor 31 connected with the turbine can in- 
crease the speed with the energy the turbine 32 has re- 
ceived, and compresses the newly introduced fresh air, 
then sending the compressed fresh air into the engine. 
The exhaust gases discharged out of the turbine 32 flow 55 
through the catalyser 11 mounted in the exhaust sys- 
tem. At this time, hazardous components in the exhaust 
gases (e.g., HC, NOx, and CO) are removed. The cat- 
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alyser 17 is sometimes added to remove components 
which could not have been removed by the catalyser 11 . 
Before and after the catalysers 1 1 and 1 7 may be mount- 
ed an unillustrated air-fuel ratio sensor, an exhaust tem- 
perature sensor, and an oxygen sensor, which will serve 
to capture various kinds of information about the ex* 
haust gases, so that the information will be reflected to 
the control unit operation. 

[0021] Fig. 2 is a schematic view of the estimated 
state in the combustion chamber 22 during high-load op- 
eration of the engine, showing a behavior such as the 
ignition of the air-fuel mixture in the combustion chanfv 
ber 22, combustion starting at the center of the combus- 
tion chamber, and flame propagation around the com- 
bustion chamber. At this time, there still remain, around 
the combustion chamber, the exhaust gases of the pre- 
ceding cycle, so-called residual gases 27, and a non- 
uniform portion 28 of air-fuel mixture distribution. The 
inside portion of the propagating flames is an already 
bumed portion. In this inside portion, temperature and 
pressure are high, compressing an unbumed portion in 
which residual gases 27 and non-uniform portions 28 of 
the air-fuel mixture exist is compressed through the 
flame surface. As a result, it is conceivable that the tem- 
perature and pressure of the residual gases 27 and the 
air-fuel mixture of the nonuniform portion 28 suddenly 
rise, resulting in self-ignition which will induce knocking. 
To prevent knocking, it is necessary to reduce the resid- 
ual gases and further to uniformly spray the air-fuel mix- 
ture around the combustion chamber (in the vicinity of 
the cylinder wall). 

[0022] In the direct-injection engine of the configura- 
tion shown in Fig. 1, important is to reduce the residual 
gases by accelerating exhaust gas scavenging from in- 
side the combustion chamber 22 during high-load oper- 
ation, and also to prevent uneven presence of the air- 
fuel mixture around the combustion chamber (in the vi- 
cinity of the cylinder wall). A means required for this pur- 
pose will be described below. 

[0023] Fig. 3 is a schematic view showing the engine 
combustion chamber and the exhaust gas passage in 
cross section. In this drawing, most of the intake system 
shown in Fig. 1 is not shown; the air 29 is led from the 
intake port 9 into the combustion chamber 22. In the tim- 
ing from the end of almost the entire exhaust stroke to 
the beginning of the intake stroke, the piston 23 is in a 
position near TDC, where the intake valve 13 and the 
exhaust valve 14 are slightly opened. Most of the ex- 
haust gases are discharged in the exhaust stroke, but 
the slightly remaining portion 27 becomes residual gas- 
es. One of key points of this invention is to accelerate 
the scavenging of the exhaust gases 27. A concept 
therefor is to blow off the exhaust gases 27 by the use 
of the fresh air 29 newly drawn in. The piston 23, as 
shown in Fig. 3, is in a position close to TDC, at which 
the space in the combustion chamber 22 is narrow and 
therefore it is possible to discharge the exhaust gases 
27 by the use of the flresh air 29 drawn in through the 
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intake valve. This state, however, Is established only 
when the pressure in the intake passage 9 is higher than 
the pressure in the exhaust passage 18. Therefore, the 
scavenging of the exhaust gases 27 can be accelerated 
by forming the above-described state. 5 
[0024] Fig. 4 shows a result of measurements of pres- 
sure changes in the intake passage 9 and exhaust pas- 
sage 1 8 of the engine shown in Fig. 3. The engine meas- 
ured is a four-cylinder engine. In Fig. 4, the horizontal 
axis shows the pressure changes based on the crank io 
angle of No. 1 cylinder. Furthermore, in the upper part 
of the drawing are indicated the cylinder numbers in the 
exhaust stroke. The pressure in the exhaust passage 
18, affected by pulsation between cylinders, is largely 
varied as shown. With the start of the exhaust stroke of is 
No. 1 cylinder, the high-pressure exhaust gases are dis- 
charged out of the combustion chamber of No. 1 cylin- 
der. Increasing the pressure of the exhaust pipe 1 8. Dur- 
ing the exhaust stroke, a relatively high pressure is kept; 
and at the end of the exhaust stroke, the pressure low- 20 
ers. However, since the exhaust stroke in No. 3 cylinder 
starts, the pressure in the exhaust pipe 18 increases. 
On the other hand, the pressure in the intake pipe 9 also 
varies with the effect of pulsation between cylinders. An 
average value is lower than the pressure in the exhaust 25 
pipe 18. In this state, the intake pipe pressure increases 
greater than the exhaust pipe pressure only during a lit- 
tle timing immediately before the end of the exhaust 
stroke. It is, therefore, impossible to effectively dis- 
charge the exhaust gases with the fresh air. 30 
[0025] In this invention, as shown in Fig. 3, the control 
valve 34 is inserted in a bypass passage 119 of the tur- 
bine 32. The bypass control valve 34 is of the construc- 
tion as shown, for example, in Fig. 5, being turned by 
the motor 35. As the control valve 34 is turned, an open- 35 
ing portion is made between the bypass passage and 
the control valve, to allow the flow of the exhaust gases 
to bypass the turbine 32, thereby decreasing the pres- 
sure in the exhaust passage 18. A result of measure- 
ment of pressure changes in the exhaust pipe 18 is 40 
shown in Fig. 6. The pressure in the exhaust pipe 18 
can be decreased lower than that in the intake pipe 9; 
that is, the intake pipe pressure becomes greater than 
the exhaust pipe pressure, enabling to effectively dis- 
charge the exhaust gases with the fresh air. 4S 
[0026] Next, another method of scavenging in this in- 
vention will be described. The intake valve 13 shown in 
Fig. 1 or the variable mechanisms 7 and 8 of the exhaust 
valve 14 are of the construction as shown in Fig. 7A. A 
variable valve mechanism 44 is interposed between a so 
camshaft 41 and a cam sprocket 43 on which a timing 
belt 42 is wound, shifting the phase of rotation of the 
camshaft 41 and the timing belt 42 by moving the screw 
portion of the variable valve mechanism 44 by. for in- 
stance, hydraulic pressure control. Fig. 7B shows the ss 
effect of, for example, the variable mechanism of the in- 
take valve. The exhaust valve lift curve 48 indicates that 
the exhaust valve closes at timing a little after top dead 
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center (TDC in the drawing). The intake valve lift curve 
45 is set at a standard timing, at which the intake valve 
opens a little before TDC and closes a little after bottom 
dead center (BDC in the drawing). When the phase is 
advanced, the lift curve will move as indicated by the 
curve 46, thus shifting the intake valve opening timing 
substantially forward from TDC. On the other hand the 
valve closing timing also shifts forward to the vicinity of 
BDC. Reversely, when the phase is retarded, the intake 
valve lift curve will come to 47, where the intake valve 
starts opening near TDC and closes at a timing consid- 
erably after BDC. The valve opening timing of the intake 
valve 13 can be changed by using the variable valve 
mechanism as shown in Fig. 7A: Fig. 8 shows a method 
of controlling an overiap period by the use of the variable 
valve mechanism. 

[0027] The intake and exhaust valves of No. 1 cylinder 
will be explained as an example. When the lift curve of 
the intake valve 13 is changed from 45 to 46 without 
changing the lift curve 48 of the exhaust valve 14, the 
overiap period during which both the exhaust valve 14 
and the intake valve 13 are open increases to the ex- 
haust stroke side as indicated by an arrow. During the 
exhaust stroke of No. 1 cylinder, the piston 23 is forcing 
the exhaust gases out into the exhaust passage 1 8; and 
the intake valve 13 starts opening and the exhaust gas- 
es flow toward the Intake passage 9 where a lower pres- 
sure exists. Thus the exhaust pressure decreases, while 
the intake pressure increases. At this time, the state that 
the intake pipe pressure > the exhaust pipe pressure is 
established. In this case, however, the gas flow around 
the combustion chamber is thought to be as shown in 
fig. 9. Because the intake valve 13 opens on the way of 
the exhaust stroke, the exhaust gases 27 partly flow 
back toward the intake passage 9, disturbing the inflow 
of the fresh air 29. At the next instant, there will be es- 
tablished the pressure condition that the intake pipe 
pressure > the exhaust pipe pressure; therefore the ex- 
haust gases begin flowing in the direction of the arrow 
in the drawing. However, because the exhaust gases 27 
that have flowed back come in first from the intake pas- 
sage 9, the exhaust gases are drawn again into the com- 
bustion chamber 22, thus forming the residual gases. 
Therefore, if the phase of the intake valve 1 3 is accel- 
erated toward the exhaust stroke side, it will become im- 
possible to accelerate the scavenging of the residual 
gases that is the key point of this invention. 
[0028] The variable valve mechanism shown in Fig. 7 
Is applicable also to the exhaust valve 14. The phase of 
the exhaust valve 14 retarded to the intake stroke side 
is shown in Fig. 10. The lift curve of the exhaust valve 
14 is changed from 48 to 49 without changing the lift 
curve 45 of the intake valve 13. According to this setting, 
the exhaust valve 14 starts opening In the vicinity of 
BDC, and closes considerably after TDC. Therefore, the 
fresh air drawn after the start of downward stroke of the 
piston Is higher than the exhaust gas in pressure, 
thereby , a slight amount of residual exhaust gases 
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which exist in combustion chamber are enable to effec- 
tively scavenge. The behavior of the interior of the com- 
bustion chamber 22 at this time can be schematically 
expressed as shown in Fig. 11. Since the exhaust valve 
14 remains open until after IDC, it is considered that 
the exhaust gases 27 are forced out by the fresh air 29 
drawn in through the intake passage 9, thus fully scav- 
enging. 

[0029] Another embodiment of this invention will be 
explained by the use of the engine system having an 
extemal EGR( Exhaust Gas Recirculation ) passage. 
Fig. 12 shows the configuration of the engine system 
provided with an extemal EGR passage 36 and an EGR 
control valve 37. The engine, when operating under a 
high-load condition, is supercharged by the turbocharg- 
er; therefore the pressure of the collector 5 mounted in 
the intake pipe will sometimes increase more than the 
pressure in the exhaust pipe 18. Only the connection of 
the EGR passage 36 cannot effectively operate the 
EGR to recirculate the exhaust gases from the exhaust 
side to the intake side. Therefore, the EGR control valve 
as shown in Fig. 13 is used. The EGR passage 36a is 
in connection with the exhaust passage 18, while 36b is 
in connection with the collector 5 on the intake side. The 
configuration of the EGR control valve 37 is that of a 
reed valve. When the intake pressure is higher than the 
exhaust pressure, the reed valve 38 is firmly attached 
on a mounting holder 39 and is in a closed position. On 
the other hand, when the exhaust pressure is higher 
than the Intake pressure, the reed valve 38 opens to al- 
low the exhaust gases to flow into the intake side, there- 
by enabling EGR. The reed valve-type EGR control 
valve is able to operate without requiring an extemal 
mechanism power. Furthermore since the reed valve 
operates in accordance with pressure pulsation in the 
exhaust pipe as shown in Fig. 4, the exhaust pipe pres- 
sure can consequently be changed as shown in Fig. 6. 
that is, can be towered to effectively accelerate the scav- 
enging of the combustion chamber interior. 
[0030] Furthermore, another embodiment of this in- 
vention applied to an engine system provided with an 
air-assist fuel injector will be explained. Fig. 14 shows 
the configuration of the air-assist fuel injector. The fuel 
supplied through the air supply port 51 is temporarily 
held in a mixing chamber 53, in which the fuel is mixed 
with the air supplied through the air supply port 52, then 
being injected into the combustion chamber at the for- 
ward end portion 54 of the fuel injector. When the air- 
assist fuel injector is used, the air used for fuel injection 
is usable for scavenging the residual gases. 
[0031] Fig. 1 5 shows a time chart thereof. During the 
timing when the exhaust valve is still open in the vicinity 
of TDC after the end of the exhaust stroke, only the air 
is Injected first into the fuel chamber. The air injection 
pressure at this time, being about 0.6 to 0.5 MPa, has 
a sufficient effect to scavenge the exhaust gases of 
about 0.1 MPa. The behavior of the interior of the com- 
bustion chamber at this time is schematically shown in 



Fig. 1 6. Thereafter, according to the normal fuel injection 
system, that is, when the fuel is injected into the mixing 
chamber 53 at around BDC and then the air is injected 
into the mixing chamber 53 at any given timing in the 
s compression stroke, the air is mixed with the fuel held 
in the mixing chamber 53, the air-fuel mixture being in- 
jected into the fuel chamber. 

[0032] Next, the second key point of this invention, 
that is, the method of forming the air-fuel mixture ac- 
cording to which no air-fuel mixture is left around the 
combustion chamber (in the vicinity of the cylinder wall) 
will be explained. This invention, when expressed in 
tenns of engine speed and torque as shown in Fig. 17, 
is effective in the range 60 where a full-throttle torque is 
obtained and also in the comparatively high-load range 
61 in the stratified combustion range. In the range 60, a 
great torque is demanded, and therefore much fuel is 
injected into the combustion chamber. If much fuel is in- 
jected, the fuel will not be properly mixed with the air 
taken into the combustion changer, resulting in the for- 
mation of both the range of uniform mixture at an intend- 
ed air-fuel ratio and the range of non-uniform mixture. 
In the range of non-uniform mixture, the air-fuel ratio is 
likely to increase or decrease; therefore there will easily 
occur spontaneous ignition( auto ignition), or knocking. 
To prevent this, therefore, injection is effected separate- 
ly in the intake stroke and in the compression stroke as 
shown in Fig. 18. In this case, the amountof air-fuel mix- 
ture to be injected at a single is decreased. Thereby, in 
the intake stroke, the mixture of the fuel with the intake 
air is improved and formed a lean air-fuel mixture in the 
whole part of the combustion chamber. Thereafter, in the 
compression stroke , the remaining fuel is injected into 
the combustion chamber, thereby a rich air-fuel mixture 
is formed around a spark plug. In such a condition of air- 
fuel mixture, if flames propagate upon the ignition of a 
rich air-fuel mixture, no knocking will occur because 
there is no place where an excess amount of fuel (rich 
air-fuel mixture) is present around the combustion 
chamber (in the vicinity of the cylinder wall) and besides 
the residual gas scavenging which is one of key points 
of this invention is thoroughly performed. Also, in the 
case of once injection, the fuel is likely to hold on the 
top surface of the piston and the cylinder wall surface, 
resulting in uneven air-fuel mixture distribution which is 
considered to cause smoke to occur Fig. 19 is a dia- 
gram showing a relationship between engine torque and 
smoke expressed in terms of an Indicated Mean Effec- 
tive Pressure. This diagram shows a result of measure- 
ments of the amount of smoke coming out when the en- 
gine torque is increased at a constant engine speed. In 
the case of once injection, the amount of smoke sud- 
denly increases from once the time IMEP ( Indicated 
Mean Effective Pressure) passed about 6.5 bars. Fur- 
thermore, it is understood that the maximum torque is 
limited to about 7 bars because of the occurrence of 
knocking. In the meantime, in the case of a double in- 
jection, knocking hardly takes place. Therefore the ef- 
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feet of torque is largely improved by supercharging; and 
the maximum torque has been substantially improved 
to about 9.5 bars, showing no tendency to increase the 
smoke. 

[0033] Nextexplainedisthe method of forming the air- 5 
fuel mixture that, in the range of relatively high load 61 
in the stratified combustion range, the air-fuei mixture 
will not be unevenly distributed around the combustion 
chamber (in the vicinity of the cylinder wall). This range 
is the stratified combustion range; therefore, fuel injec- 
tion Is effected in the latter half of the compression 
stroke. However, because of a relatively high load in the 
stratified combustion range, the quantity of fuel injection 
increases; under such a condition, smoke is likely to 
come out. In this range, therefore, it is effective to per- 
form twice injection (called the proximity twice injection) 
at a short interval during the latter half timing of the com- 
pression stroke. Fig. 20 schematically shows the state 
of the air-fuel mixture in the combustion chamber 22. 
Because of the stratified combustion, only the air is 
present in a large part of the interior of the combustion 
chamber 22, and the fuel is injected so as to gather 
around the spark plug in the latter half of the compres- 
sion stroke. The fuel to be injected at the first time is 
injected when the combustion chamber pressure is rel- 
atively low, diffusing to the vicinity of the center of the 
combustion chamberto thereby form the air-fuel mixture 
15a. At the second time injection, the combustion cham- 
ber pressure is higher than that at the first time injection. 
The fuel injected, therefore, will not diffuse wide In the 
combustion chamber, forming the air-fuel mixture 15b 
around the spark plug. Fig. 21 is a schematic view show- 
ing the engine combustion chamber as viewed side- 
ways. The air-fuel mixture 15b, being guided by the air- 
stream produced by the formation of the air-fuel mixture 
1 5a, is borne to the vicinity of the spark plug 1 2. By thus 
forming the rich and lean portions of the air-fuel mixture 
at the central part of the combustion chamber, it is pos- 
sible to prevent the uneven fonnation of the air-fuel mix- 
ture near the cylinder wall which becomes a factor of 
knocking, and also to restrain smoke occurrence thanks 
to better dispersion of the air-fuel mixture than that at 
the time of the single injection. 
[0034] Furthermore, a method of forming a similar 
mechanism for producing the air-fuel mixture through 
another technique will be explained. Fig. 23 shows the 
form of fuel spray 15 injected from the fuel injector 19. 
Although not illustrated, the pressurized fuel is supplied 
into the fuel supply port 51 of the fuel injector; and when 
the valve opening signal is applied to a connector 55, 
the fuel spray 1 5 is formed by the shape of the forward 
end of a nozzle 54 of the fuel injector 19. The form of 
fuel spray features a high penetration like the spray 1 5c, 
or a long penetration component, and a little short pen- 
etration component on the opposite side. It is under- 
stood from the section A-A that a part of the spray 1 5d 
is partly broken, and the spray 15c portion has a high 
spray concentration. It has been confirmed that when 



the fuel injector having such a feature is installed to the 
engine, combustion performance can be improved by 
directing the spray component 15c toward the spark 
plug. 

[0035] The process for forming the air-fuel mixture at 
that time will be explained with reference to Figs. 24 to 
26. Fig. 24 shows the timing to start fuel injection in the 
latter period of the compression stroke. The fuel spray 
1 5 injected from the fuel injector 1 9 is divided into a great 
fuel penetration component 15c and low penetration 
component 15d, being injected toward the spark plug 
and toward the piston respectively. In the top schematic 
view of the combustion chamber 22, the component of 
the great spray penetration 15c passes through the 
center of the combustion chamber, while the component 
of the little spray penetration 1 5d is drifting in the vicinity 
of the fuel injector 19. 

[0036] Fig. 25 shows a timing a little before the ignition 
timing, when the position of the fuel spray 15c of high 
penetration is slightly shifted to the exhaust side. The 
fuel spray 15d of low penetration is being gradually va- 
porized, forming a mixture thereabout. There is formed 
an airstream by the quick movement of the fuel spray 
15c, as indicated by the arrow, in the combustion cham- 
ber. The air-fuel mixture formed around the spray 15d 
is led by the airstream toward the spark plug. 
[0037] Fig. 26 shows the ignition timing. The fuel 
spray 1 5c of high penetration is vaporized in the vicinity 
of the exhaust valve 14 to thereby form the air-fuel mix- 
ture 15a, while a vaporized component of the fuel spray 
15d of low penetration is borne by the airstream in the 
combustion chamber, forming the air-fuel mixture 15b 
around the spark plug. The method of forming the air- 
fuel mixture in this manner is termed the spray lead. Ac- 
cording to the spray lead, the fuel is checked from con- 
centrating to one place to thereby prevent smoke for- 
mation by injecting the fuel spray of high penetration to- 
ward the spark plug and also by injecting the fuel spray 
of low penetration toward the piston. 
[0038] Fig. 27 shows a result of single injection of the 
spray lead and double injection previously described. 
The ejection of smoke is controlled until the engine 
torque indicated by the Indicated Mean Effective Pres- 
sure reaches around 9 bars. The specific fuel consump- 
tion curve has a similar tendency, from which it is under- 
stood that the mechanisms for forming the air-fuel mix- 
ture by both the twice injection and the spray lead have 
a like role. 

[0039] Fig. 28 shows the advantage of this invention. 
A conventional turibocharged engine basically operates 
to perform homogenous combustion regardless of the 
amount of torque the engine develops, controlling the 
air-fuel ratio to 14.7 to enrich the mixture during high- 
load operation for the above-described reason. In the 
meantime, in the direct-injection turbocharged engine of 
this invention, the specific fuel consumption cab be re- 
duced by stratified combustion at around the air-fuel ra- 
tio of 40 within a range of little engine torque, and within 
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a high-load range where the combustion is changed 
over to homogenous combustion, the engine can be op- 
erated without enriching the air-fuel mixture by the ac- 
celeration of residual gas scavenging and air-fuel mix- 
ture control. Within the high-load range, it is possible to 
lower the specific fuel consumption by around 15%. 
[0040] Fig. 29 shows another embodiment of this in- 
vention. Recently, the exhaust regulation as well as the 
fuel consumption regulation has been strengthened. To 
meet these regulations, it is important to achieve the 
maximum limit of cleaning performance of the catalyser 
11 . For this purpose, therefore, a temperature sensor 61 
is mounted on the upstream side of the catalyser 11, so 
that the engine and the turbocharger may be controlled 
to gain the maximum cleaning efficiency of the catalyser 
on the basis of the temperature of exhaust gases flowing 
into the catalyser Fig. 30 shows a relationship between 
the inlet temperature and cleaning efficiency of the cat- 
alyser 11. Generally, the catalyser is used in the opti- 
mum temperature range for cleaning the exhaust gases; 
the cleaning efficiency will lower if the temperature is 
high or lower than the optimum temperature. In the con- 
figuration of the present embodiment, it is necessary to 
effectively transmit the heat energy of the exhaust gases 
to the catalyser in the case of a small quantity of the 
exhaust gases and a low exhaust gas temperature. 
When the exhaust gases pass through the turbine 32, 
the heat of the exhaust gases is deprived of by a turbine 
housing and an impeller. The temperature, therefore, 
will drop before the exhaust gases arrive at the catalys- 
er. The bypass control valve 34 is opened to introduce 
the exhaust gases to the catalyser without passing 
through the turbine 32, to prevent wasteful heat dissipa- 
tion to the turbine, thereby enabling the rise of the cat- 
alyser temperature. On the other hand, the exhaust gas 
temperature rises with an increase in the engine load; 
when there is the possibility that the temperature of the 
catalyser 11 exceeds the optimum temperature range, 
the bypass control valve 34 is closed so that all the ex- 
haust gases will pass through the turbine 32, enabling 
the absorption of the heat of the exhaust gases by the 
turbine to thereby control the catalyser temperature. 
Therefore it is possible to control the amount of the ex- 
haust gases which flow to the turbine 32 and the cata- 
lyser 11 by controlling the bypass valve as previously 
stated, and also to keep the catalyser temperature with- 
in the range of high cleaning efficiency. 
[0041] According to this invention, the exhaust gases 
in the cylinder can be quickly scavenged; therefore the 
exhaust pressure rise in the high-load range of the en- 
gine can be controlled and it is unnecessary to cool with 
the fuel, thus achieving a turbocharged direct-injection 
engine of good fuel economy. 

[0042] Furthermore, within the range of stratified op- 
eration, smoking can be controlled and accordingly no 
knocking will occur. 



Claims 

1. A method of controlling a supercharged direct-injec- 
tion engine in which the fuel is directly injected into 
5 an engine cylinder and the supercharged air is sup- 
plied into said cylinder; 

said method of controlling said supercharged di- 
rect-injection engine (1) in which a supercharger is 
driven within the range of relatively low engine 
10 torque to perform lean-burn operation, and also is 
driven within the range of relatively high engine 
torque, to thereby perform homogenous combus- 
tion in the vicinity of a stoichiometric air-fuel ratio. 

15 2. A method of controlling a supercharged direct-injec- 
tion engine in which the fuel Is directly injected into 
an engine cylinder and the supercharged air is sup- 
plied into said cylinder, said engine (1 ) incorporating 
a turbine (32) for driving said supercharger and a 
catalyser (11) downstream of said turbine (32); 
said method of controlling said supercharged di- 
rect-Injection engine (1) in which a supercharger is 
driven within the range of relatively low engine 
torque to perform stratified combustion operation by 
the use of a lean mixture, and also is driven within 
the range of relatively high engine torque, to thereby 
perform homogenous-combustion operation in the 
vicinity of a stoichiometric air-fuel ratio; and when 
said engine (1) is started cold, the exhaust gases 
are supplied directly to said catalyser (11 ) after by- 
passing said turit)ine (32). 
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3. A method of controlling a direct-injection engine 
which is provided with: 

35 

a fuel Injector (19) for direct injection of fuel into 
an engine combustion chamber (22); 
an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 

40 engine combustion chamber (22); 

a variable valve mechanism (7, 8) for control- 
ling the valve opening-closing phase of said in- 
take (13) or exhaust valve (14); 
a turbine (32) mounted in an exhaust passage 

<s (1 8) of said engine (1 ) and turned with the ex- 

haust gases; 

a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1) and turned with the 
turning force of said turbine; a bypass passage 
so for bypassing said turbine (32); and 

a control valve (34) for regulating the flow rate 
of the exhaust gases flowing into said bypass 
passage (119); 

said method of controlling said direct-injection 
55 engine (1 ) which accelerates the scavenging of 

the exhaust gases in said combustion chamber 
(22) by controlling said variable valve mecha- 
nism (7, 8) or said control valve (34) by using 
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at least one of intake pipe pressure, combus- 
tion chamber pressure, and exhaust pipe pres- 
sure, 

and injects the fuel after closing said exhaust 
valve (14). 5 

A method of controlling a direct-injection engine 
which is provided with: 

a fuel injector (1 9) for direct injection of fuel into io 
an engine combustion chamber (22); 
an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 
engine combustion chamber (22); 
a variable valve mechanism (7, 8) for control- 
ling the valve opening-closing phase of said in- 
take (13) or exhaust valve (14); 
a turbine (32) mounted in an exhaust passage 
(18) of said engine (1) and turned with the ex- 
haust gases; 20 
a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1 ) and turned with the 
turning force of said turbine (32); a bypass pas- 
sage (119) for bypassing said turbine (32); and 
a control valve (34) for regulating the flow rate 25 
of the exhaust gases flowing into said bypass 
passage (119); 

said method of controlling said direct-injection 
engine (1 ) which accelerates the scavenging of 
the exhaust gases in said combustion chamber 30 
(22) by controlling said variable valve mecha- 
nism (7, 8) or said control valve (34) by using 
at least one of intake pipe pressure, combus- 
tion chamber pressure, and exhaust pipe pres- 
sure, 35 
and injects the fuel twice during the intake 
stroke and the compression stroke. 

A method of controlling a direct-injection engine 
which is provided with: 

a fuel injector (19) for direct injection of fuel into 
an engine combustion chamber (22); 
an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 
engine combustion chamber (22); 
a variable valve mechanism (7, 8) for control- 
ling the valve opening-closing phase of said in- 
take (13) or exhaust valve (14); 
a turbine (32) mounted in an exhaust passage so 
(18) of said engine (1) and turned with the ex- 
haust gases; 

a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1 ) and turned with the 
turning force of said turbine (32); 55 
a bypass passage (119) for bypassing said tur- 
bine (32); and 

a control valve (34) for regulating the flow rate 



of the exhaust gases flowing into said bypass 
passage (119); 

said method of controlling said direct-injection 
engine (1 ) which accelerates the scavenging of 
the exhaust gases in said combustion chamber 
(22) by controlling said variable valve mecha- 
nism (7, 8) or said control valve (34) by using 
at least one of intake pipe pressure, combus- 
tion chamber pressure, and exhaust pipe pres- 
sure, and injects fuel spray including varied 
spray penetration components during the com- 
pression stroke. 

6. A method of controlling a direct-injection engine as 
claimed in claims 3 to 5, wherein the scavenging 
acceleration control of said exhaust gases is for 
controlling the amount of opening of a bypass con- 
trol valve (34) so that the exhaust passage pressure 
will become lower than the intake passage pres- 
sure. 

7. A method of controlling a direct-injection engine as 
claimed in claims 3 to 5, wherein the scavenging 
acceleration control of said exhaust gases is for 
controlling said variable valve mechanism (7, 8) so 
that an overiap period during which both said intake 
and exhaust valves (13, 14) are simultaneously 
open is prolonged to the retarded side of top dead 
center. 

8. A method of controlling a direct-injection engine as 
claimed in claims 3 to 5, wherein the scavenging 
acceleration control of said exhaust gases is con- 
ducted to inject the air into said combustion cham- 
ber (22) from said air-assist fuel injector used as 
said fuel injector (19) so that the combustion cham- 
ber pressure will be higher than the exhaust pas- 
sage pressure. 

9. A method of controlling a direct-injection engine as 
claimed in claims 3 to 8 , wherein the Indicated 
Mean Effective Pressure (an explosion pressure P 
of mega-pascal produced in the combustion cham- 
ber (22) divided by the cubic meters of the volume 
of combustion chamber (22)) is controlled to around 
9.5 bars so that the Function Smoke Number (FNS) 
will be 0.5 or less. 

10. A method of controlling a direct-injection engine as 
claimed in claims 3 to 8, wherein the specific fuel 
consumption at a high load at which the Indicated 
Mean Effective Pressure becomes 12 bars is con- 
trolled to ±5% as compared with the specific fuel 
consumption under a medium load at which the In- 
dicated Mean Effective Pressure becomes 8 bars. 

11. A direct-injection engine having: 
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a fuel injector (1 9) for direct injection of fuel into 
an engine combustion chamber (22); 
an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 
engine combustion chamber (22); 
a variable valve mechanism (7. 8) for control- 
ling the valve opening-closing phase of said in- 
take (13) or exhaust valve (14); 
a turtine (32) mounted in an exhaust passage 
(18) of said engine (1) and turned with the ex- 
haust gases; 

a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1 ) and turned with the 
turning force of said turbine (32); 
a bypass passage (119) for bypassing said tur- 
bine (32); and 

a control valve (34) for regulating the flow rate 
of the exhaust gases flowing into said bypass 
passage (119); 

said direct-injection engine (1) having a control 
device which outputs a control signal for con- 
trolling scavenging acceleration by controlling 
said variable valve mechanism (7, 8) or said 
control valve (34) by using at least one of intake 
pipe pressure, combustion chamber pressure, 
and exhaust pipe pressure, and a fuel injection 
signal for injecting the fuel after closing said ex- 
haust valve (14). 

12. A direct-injection engine having: 

a fuel injector (1 9) for direct injection of fuel into 
an engine combustion chamber (22); 
an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 
engine combustion chamber (22); 
a variable valve mechanism (7, 8) for control- 
ling the valve opening-closing phase of said in- 
take or exhaust valve; 

a turbine (32) mounted in an exhaust passage 
(18) of said engine (1) and turned with the ex- 
haust gases; 

a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1 ) and turned with the 
tuming force of said turbine (32); 
a bypass passage (119) for bypassing said tur- 
bine (32); and 

a control valve (34) for regulating the flow rate 
of the exhaust gases flowing into said bypass 
passage (119); 

said direct-injection engine (1 ) having a control 
device which outputs a control signal for con- 
trolling scavenging acceleration by controlling 
said variable valve mechanism (7. 8) or said 
control valve (34) by using at least one of intake 
pipe pressure, combustion chamber pressure, 
and exhaust pipe pressure, and a fuel injection 
signal for injecting the fuel twice during the in- 



take stroke and the compression stroke. 

13. A direct-injection engine having: 

5 afliel injector(19)fordirectinjectionoffuel into 

an engine combustion chamber (22); 
an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 
engine combustion chamber (22); 

10 a variable valve mechanism (7, 8) for control- 

ling the valve opening-closing phase of said in- 
take or exhaust valve (13, 14); 
a turbine (32) mounted in an exhaust passage 
(18) of said engine (1) and turned with the ex- 

15 haust gases; 

a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1) and turned with the 
turning force of said turbine (32); 
a bypass passage (119) for bypassing said tur- 

20 bine (32); and 

a control valve (34) for regulating the flow rate 
of the exhaust gases flowing into said bypass 
passage (119); 

said direct-injection engine (1) using, as said 
25 fuel injector (19), a fuel injector (19) which 

sprays the fuel having different penetration 
components, and having a control device which 
supplies 

a control signal for controlling scavenging ac- 
30 celeration by controlling said variable valve 

mechanism (7, 8) or said control valve (34) by 
using at least one of intake pipe pressure, com- 
bustion chamber pressure, and exhaust pipe 
pressure, and 

35 a fuel injection signal to said fuel injector (19) 

during the compression stroke of said engine 
(1). 

14. A direct-injection engine having: 

40 

a fuel injector (19) for direct injection of fuel into 
an engine combustion chamber (22); 
an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 

45 engine combustion chamber (22); 

a variable valve mechanism (7, 8) for control- 
ling the valve opening-closing phase of said in- 
take (13) or exhaust valve (14); 
a turbine (32) mounted in an exhaust passage 

50 (1 8) of said engine (1 ) and turned with the ex- 

haust gases; 

a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1 ) and turned with the 
turning force of said turi^ine (32); 
55 a bypass passage (119) for bypassing said tur- 

bine (32); and 

a control valve (34) for regulating the flow rate 
of the exhaust gases flowing into said bypass 
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passage (119; 

said direct-injection engine (1) having an ex- 
haust gas scavenging acceleration control 
mechanism which controls said variable valve 
mechanism (7, 8) or said control valve (34) by 
using at least one of the intake pipe pressure, 
said combustion chamber pressure, and said 
exhaust pipe pressure. 

15. A direct-injection engine as claimed in claim 14, 
wherein said exhaust gas scavenging acceleration 
control mechanism includes said bypass control 
valve (34) the amount of opening of which is con- 
trolled so that the exhaust passage pressure will be 
lower than the intake passage pressure. 

16. A direct-injection engine as claimed in claim 14, 
wherein said exhaust gas scavenging acceleration 
control mechanism includes said variable valve 
mechanism (7, 8) which is controlled so that the 
overlap period during which both said intake valve 
(1 3) and said exhaust valve (14) are open is so con- 
trolled as to be long on the retarded side of top dead 
center of said engine (1 ). 

17. A direct-injection engine as claimed in claim 14, 
wherein said exhaust gas scavenging acceleration 
control mechanism adopted as said injector (19) is 
an air-assist fuel injector; and the air-assist air is 
injected from said fuel injector (19) into said com- 
bustion chamber (22) so that the combustion cham- 
ber pressure will be higher than the exhaust pas- 
sage pressure. 

18. A method of controlling a direct-injection engine 
having: 

an intake valve (13) and an exhaust valve (14) 
located at an inlet port and an outlet port of said 
engine combustion chamber (22); 
a variable valve mechanism (7, 8) for control- 
ling the valve opening-closing phase of said in- 
take (13) or exhaust valve (14); 
a turbine (32) mounted in an exhaust passage 
(18) of said engine (1) and turned with the ex- 
haust gases; 

a compressor (31) mounted in an intake pas- 
sage (4) of said engine (1 ) and turned with the 
turning force of said turbine (32); 
a bypass passage (119) for bypassing said tur- 
bine (32); and 

a control valve (34) for regulating the flow rate 
of the exhaust gases flowing into said bypass 
passage (119); 

a catalyser (11) mounted downstream of said 
turbine (32) for cleaning hazardous materials in 
the exhaust gases; and 
a temperature sensor (61) mounted upstream 



of said catalyser (11 ) for measuring the temper- 
ature of the exhaust gases flowing into said cat- 
alyser (11); 

said method of controlling said direct-injection 
5 engine (1), wherein when the output value of 

said temperature sensor (61) is smaller than 
the specific value, said bypass control valve 
(34) is opened; and 

when the output value of said temperature sen- 
10 SOT (61 ) is greater than the specific value, said 

bypass control valve (34) is closed. 

19. A method of controlling a direct-injection engine 
that, when the engine torque is increased, with the 

15 engine speed kept constant, the Function Smoke 
Number (FNS) is controlled to decrease to 0.5 or 
lower until the Indicated Mean Effective Pressure 
(an explosion pressure P of mega-pascal generat- 
ed in the combustion chamber (22) divided by the 

20 cubic meters of volume V of the combustion cham- 
ber (22)) becomes approximately 9.5 bars. 

20. A method of controlling a direct-injection engine that 
the specific fuel consumption at a high load at which 
the Indicated Mean Effective Pressure becomes 12 
bars will be ±5% as compared with the specific fuel 
consumption at a medium load at which the Indicat- 
ed Mean Effective Pressure will be 8 bars. 
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